i, Introduction
The desire of nuclear physicists and chemists to use heavier and heavier projectiles has increased rapidly during the past few years. The papers read during this conference give not only an impressive demonstration of this tendency, but they also point out that experimental nuclear research with heavy projectiles opens new ways toward a deeper' understanding of nuclear matter.
A new generation of particle accelerators specifically designed for the production of sufficiently energetic beams of heavy ions will, however, not l y l e s s s e v e r e ) requirements f o r heavy i o n e x p e r iments i n many o t h e r f i e l d s a s w e l l .
The mass range should cover a l l elements w i t h t h e p o s s i b l e exemption o f t h e v e r y l i g h t s p e c i e s (A 5 1 0 t o 201, which a l r e a d y can b e a c c e l e r a t e d t o u s e f u l e n e r g i e s by many e x i s t i n g machines. r e a c t i o n s w i t h t h e h e a v i e s t t a r g e t e l e m e n t s , i . e .
(W/A)max ; 8 MeV f o r t h e h e a v i e s t p r a j e c t i l e s .
For l i g h t e r p a r t ic l e s (A i 601, v a l u e s about twice a s l a r g e a r e d e s i r a b l e , e . g . , f o r work i n n u c l e a r s p e c t r o s c o p y .
The energy must be c o n t i n u o u s l y and -c o n s i d e r i n g t h e narrow energy windows o f many i n t e r e s t i n g heavy ion r e a c t i o n s - The shaded r e g i o n s i n d i c a t e t h e penetrat-ion d e p t h , where t h e energy o f t h e i o n s is c l o s e t o t h e Coulomb b a r r i e r (1). Fig. 2 HEAVY ION MACHINES . . .
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shape a (larger energy spread and short pulse duration) tor time-of-flight experiments. The efficient use of the latter case demands the highest technically possible "on/off" ratio of beam intensity.
Finally, particle currents of should be provided for the heaviest projectiles, and higher values are desirable for lighter particles.
The physical limitation of useful beam intensity is
given by the power dissipation in the targets. are correct within about + 1 to 2 charge units. Table 1 deserves explanat i o n . In common-field l i n a c s ( e , g -of t h e
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Alvarez t y p e ) , t h e a c c e l e r a t i n g s t r u c t u r e i s embedded i n an electromagnetic f i e l d common t o a l l a c c e l e r a t i n g gaps. The length of t h e d r i f t tubes determines t h e v e l o c i t y p r o f i l e along t h e beam path. I n s e p a r a t e -f i e l d l i n a c s , t h e a c c e l e r a t i n g gaps a r e excited i n d i v i d u a l l y , and by proper s e t t i n g s of h a s e and amplitude of t h e gap f i e l d s ,
t h e energy gain of t h e s t r u c t u r e can be varied. c h a r a c t e r i s t i c a l l y f o r t h e t h r e e major a c c e l e r a t i n g methods: For e l e c t r o s t a t i c machines, t h e p a r t i c l e of wrong charge simply gains a d i f f e r e n t energy.
The l a s t remark l e a d s t o t h e question of energy v a r i a t i o n . Table 2 summarizes t h e d i f f e r e n t p o s s i b i l i t i e s . An a d d i t i o n a l explanation is necess a r y i n t h e case of common f i e l d l i n a c s . There, energy v a r i a t i o n is only p o s s i b l e by deforming t h e a x i a l e l e c t r i c f i e l d ( t i l t ) i n such a way t h a t a t a c e r t a i n a x i a l p o s i t i o n t h e p a r t i c l e s drop out of synchronism and begin t o d r i f t . The disadvant a g e of t h i s method is, besides needing r a t h e r
In RF-Linacs, it i s f u r t h e r synchronousLy accelerated,and only t h e beam q u a l i t y s u f f e r s somewhat.
In c i r c u l a r machines, t h e c e n t e r of t h e p a r t i c l e o r b i t a f t e r a charge change no longer coincides with t h e c e n t e r o f t h e guide f i e l d , a n d t h e p a r t i c l e is l o s t .
. Typical heavy i o n a c c e l e r a t o r combinations
Several accelera-cor combinations, p a r t l y i n operat i o n o r construction, p a r t l y i n t h e s t a t e of proposals, are shown schematically i n Fig. 8 .
Combination 1 shows a l i n e a r a c c e l e r a t o r of t h e HILAC-type, A t y p i e a l example w i l l be discussed i n more d e t a i l a t t h e end of this s e c t i o n . Thus Table 2 ) . 5 ) and, for the tandem, the stripper performance. Considering the slopes of these curves, the common field linac shows the best properties.
S i z e and
The dashed lines in Fig. 9 give typical values of the overall mass dependence of W/A for the first three examples of combined accelerators shown in Fig, 8 . The decision as to which combination one may select depends, besides considerations of constructional and operating cost, mainly on the envisaged experimental program.
The accelerator combinations described so far appear to be realistic solutions for specific energies up to about 10 MeVlnucleon for uranium.
For much higher energies, synchrotrons are by far the most economical postaccelerators (Fig. 8,6 ). The use of a fast cycling synchrotron with a correspondingly short beam path is advisable, and specific injection energies above about 5 MeV/nucleon should be used. Both facts help to reduce the vacuum requirements necessary for obtaining a good beam transmission.
The necessarily rather sketchy remarks made so far may deserve a few more detailed comments. The .
UNILAC, now under construction at Darmstadt, may
serve as an example (Fig. TO) .
The ion sources will be duoplasmatrons for A 2 80
and Penning sources for the heavier projectiles. t The second technological improvement a i~s a t producing high a c c e l e r a t i n g f i e l d s a t low power, using superconduct5ng stz'ucture elements. The RF s u r f a c e conddctance of copper a t room t e m p e r a t u r e i s about
e c t i o n s e r v e s t o compensate f o r t h e energy l o s s i n 6. Technological improvements t h e s t r i p p e r s . A magnetic charge s e p a r a t o r s e l e c t s t h e d e s i r e d charge s t a t e f o r f u r t h e r a c c e l e r a t i o n , The c o n v e n t i o n a l a c c e l e r a t i n g systems d e s c r i b e d and i n a d d i t i o n a l l o w s t h e s e l e c t i o n o f a p a r a s i t i c h o v e a r e p r e t t y f a r from t h e "ideal
h e i n t r o d u c t i o n o f superconducting RF s t r u c t u r e s open very promising p o s s i b i l i t i e s t o improve t h i s s i t u a t i o n . The main aim i n producing s o u r c e s f o r i o n s o f h i g h e r c h a r g e t h a n a v a i l a b l e today is t o i n c r e a s e t h e containment time o f t h e i o n s w i t h i n t h e s o u r c e i n o r d e r t o r e a c h h i g h charge s t a t e s by s t e p w i s e i o n i z a t i o n under i n t e n
focused by a s o l e n o i d , t r a v e r s e s t h e s o u r c e and is c o l l e c t e d a t t h e e l e c t r o d e C. A s e t o f a u x i l i a r y e l e c t r o d e s , 1 t o 3 , c r e a t e s a p o t e n t i a l w e l l ( a i n
10-* Ohms a t 7 GHz, but drops t o 10 Ohns f o r a niobium surface a t 1.8 K. Thus, t h e RF power t o produce a given a c c e l e r a t i n g f i e l d is reduced by s i x o r d e r s of magnitude and hence n e g l i g i b l e compared t o t h e p w e r necessary t o a c c e l e r a t e t h e p a r t i c l e . The consequent extreme bean loading i n t h e superconducting case p r e s e n t s some problems, which, however, appear s u f f i c i e n t l y understood t o be mastered.
Work on superconducting s t r u c t u r e s f o r e l e c t r o n l i n a c s began a decade ago a t Stanford. The
Karlsruhe Group concentrated a l a r g e p a r t of t h e i r e f f o r t on "slow" a c c e l e r a t i n g s t r u c t u r e s which 10) eventually w i l l be s u i t a b l e f o r heavy ion work .
Reproducibility of t h e p r o p e r t i e s o f superconducting r e s o n a t o r s was solved by using niobium conductors covered by a t h i n f i l m of niobium pentoxide.
For slow p a r t i c l e s , t h e small dimensions of h e l i x r e s o n a t o r s make them e s p e c i a l l y s u i t e d f o r a superconducting s t r u c t u r e . Superfluid helium, flowing through t h e hollow conductor, considerably s i m p l i f i e s t h e cooling problem. So f a r , a x i a l f i e l d g r a d i e n t s ar: I? MV/m have been obtained, and i n a prototype a c c e l e r a t o r , u s i n g a s i n g l e h e l i x about 4Ocm i n Pength,protons were a c c e l e r a t e d from 750 t o 1130 keV. To estimate t h i s accomplishment, it should be remembered t h a t t h e band width o f t h e h e l i x resonator is only a few Hz a t 90 MHz resonance ~5 e q u e n c y . To overcome d i s t u r b i n g e f f e c t s caused by mechanical v i b r a t i o n s a s well a s by pondeI'omotoric e f f e c t s ( t h e h e l i x c a r r i e s c u r r e n t s of s e v e r a l hundreds of amperes), an e l a b o r a t e , f a s t servo-system had t o be developed. The next s t e p t o master is t o lock two and more a c c e l e r a t i n g elementt i n phase. When t h i s problem, which i s being .
The main o b s t a c l e t o producing s t a b l e assemblies which can be c o l l e c t i v e l y a c c e l e r a t e d was overcome by Veksler12), whose concept of t h e r e l a t i v i s t i c 13 e l e c t r o n r i n g r e s t s on e a r l i e r work of Budker .
Consider a r i n g of H e l e c t r o n s , moving with t h e v e l o c i t y B. Then t h e Coulomb repulsion f e l t by 2 -2 an e l e c t r o n is reduced by t h e f a c t o r 1-B = y due t o t h e Lorentz a t t r a c t i o n of t h e e l e c t r o n c u r r e n t s . The remaining r e p u l s i o n can be compen- Besides a x i a l e l e c t r i c f i e l d s , a c o n s t a n t , very slowly d e c r e a s i n g a x i a l magnetic f i e l d (E3'10 g a u s s )
can b e used f o r acceler,rttion ( F i g . 14). The energy used f o r t h e a c c e l e r a t i o n of t h e r i n g is t a k e n from t h e energy of s h e c i r c u l a t i n g e l e c t r o n s .
The r i n g dimensions t h u s i n c r e a s e , and t h e h o l d i n g power, f a l l s correspondingly.
So f a r , s e v e r a l l a b o r a t o r i e s have produced comp r e s s e d . e l e c t r o n r i n g s , b u t only S a r a n t s e v ' s group i n Dubna succeeded i n a c c e l e r a t i n g a l p h a -p a r t i c l e s t o 30 MeV by t h e magnetic a c c e l e r a t i o n method ( 1 4 ) .
Peterson (15) has e s t i m a t e d t h a t a magnetic a c c e l er a t i o n f i e l d 1.7 rn long is s~i f f i c i e r i t t o a c c e l e r a t e 9 1 0 uranium i o n s t r a p p e d i n an e l e c t r o n r i n g of t h e dimensions given above t o 10 MeV/nucleon. 
(1952)
5) The nomograms were p r e p a r e d by B. FRANZKE, GSI.
1 2 ) V.I. VEKSLER e t a l . , Proc. 6 t h I n t . Conf, on High En. Acc., Cambridge r e p o r t CEAL-2000, 289 6 ) D a t a a f t e r R.S. LIVINGSTON and J . A . MARTIN, Appearance of new a c c e l e r a t o r s produces much e n t h u s i a s m b u t up-grading of p r e s e n t l y a v a i l ab l e o n e s i s c e r t a i n l y an o t h e r way t o go. What c a n CERN (European O r g a n i z a t i o n o f Nuclear Res e a r c h ) d o f o r heavy-ion p h y s i c i s t s a s it is w e l l known t h a t to-day heavy-ion a c c e l e r a t o r proj e c t s a r e a t t h e l i m i t of n a t i o n a l budgets.
Can we have heavy i o n s i n P S and ISR ? nuous e x t r a c t i o n . But I l i k e t o p o i n t t o t h e
